Abstract: The objective of this study was to investigate the relative contribution of breed composition, slaughter weight, sex, diet, and their interactions to the fatty acid composition of intramuscular and subcutaneous fat of pigs. Sires from Duroc, Lacombe, and Iberian breeds were crossed to Large White × Landrace dams and offspring (barrows and gilts) were randomly allocated into three feeding groups (Control, Canola or Flax) 3 wk before slaughter, aiming at slaughter weights of either 115 or 135 kg. In intramuscular fat, dietary treatment (88.7%) was responsible for most of the explained variability observed in 18:3 n-3 (0.76), followed by breed and the breed × diet interaction. In subcutaneous fat, the same factors contributed for the explained variance in 18:3 n-3 (0.84) in a similar order. Furthermore, diet contributed more than 94% to the explained variability observed in n-6/n-3 (0.90). On the other hand, both for the intramuscular and subcutaneous fat, breed was the most influential factor (68.9%/68.2%, respectively) for the explained variance in 18:2 n-6 (0.38/0.59, respectively). Both sex and slaughter weight also had significant effects (P < 0.05) on some individual fatty acids and indices. Understanding the contribution of each factor and their interactions will help the pork industry in the production of consistent differentiated products.
Introduction
Commodity pork production in western Canada is based on crossbred sows from highly efficient breeds (e.g., F1 Large White × Landrace) and primarily Duroc terminal boars, wheat/barley-based diets and slaughter weights around 110-115 kg (Fortin et al. 2003 (Fortin et al. , 2005 Juárez et al. 2009) . Product differentiation at the retail level is minimal and mainly based on credence quality attributes, such as animal welfare or lack of use of antibiotics. While common in other areas of the world (i.e., EU's Protected Designation of Origin), in Canada, only examples pertaining to local niche-market take advantage of specific breeds, diets or slaughter weights for pork differentiation based on quality aspects. Although multiple attributes form part of the concept of quality, from a consumer's viewpoint, improved eating quality and positive health effects are two of the main traits that can be enhanced to differentiate meat and meat products (Grunert et al. 2004 ).
Pork quality manipulation and market differentiation can be achieved by combining multiple pre-slaughter factors. To increase efficiency, genetic selection has led to leaner pigs (Lonergan et al. 2001; Nguyen Hong et al. 2004) , but this has been detrimental on other quality attributes (Lonergan et al. 2001) . Thus, pork branding based on less highly selected "heritage breeds" (e.g., Mangalitsa, Iberian or Berkshire) focuses on differences in quality attributes, such as marbling, color, and palatability (Brewer et al. 2002; Carrapiso et al. 2003) . Similarly, dietary manipulation can result in enhanced attributes, such as healthier fatty acid profiles, from diets including ingredients such as Canola (St. John et al. 1987) and Flax (Juárez et al. 2010) . The gradual increase which has occurred in commercial slaughter weights (Brewer et al. 2002) may also impact pork quality, and the production of even heavier pigs has been explored as a means for market differentiation of fresh pork and further processed products. At the same time, all these factors interact with each other and may produce different responses in barrows and gilts, due to their different fat deposition patterns (Geri et al. 1990 ). Previous research has usually focused on mainly the statistical significance of these production factors (Ahn et al. 1996; Bertol et al. 2013) . A different approach (Juárez et al. 2008 (Juárez et al. , 2012 Silva et al. 2017) would allow the evaluation of the relative contribution of the most important premortem factors (breed, slaughter weight, sex, and diet) and their interactions to the variance in fatty acid composition both in the intramuscular and subcutaneous fat of pigs. Understanding and quantifying their effects and potential interactions is essential to provide a consistent product.
Hence, the objective of this study was therefore to investigate the relative contribution of breed composition, slaughter weight, sex, diet, and their interactions on pork fatty acid composition, which could not only help the pork industry to develop, but also to optimize differentiatedvalue added products for a highly competitive market.
Materials and Methods

Live animal
A 3 × 2 × 3 × 2 experiment was designed to include genotype, sex, diet, and slaughter weight, respectively. The study was replicated three times, and two pens of pigs were assigned to each combination of factors for a total of 648 pigs. Sires from Duroc, Lacombe (Peak Swine Genetics, Leduc, AB, Canada), and Iberian (Semen Cardona, Cardona, Spain) breeds were crossed to commercial Large White × Landrace F1 dams (Hypor Inc., Regina, SK, Canada). All animals (barrows and gilts) were fed a typically Canadian commercial diet (Masterfeeds, Winnipeg, MB, Canada) (Table 1) . Barrows and gilts were penned separately (three pigs per pen) at 70 ± 3.3 kg live weight and randomly allocated to one of two slaughter weights: 115 or 135 kg. Pigs were fed a typical western Canadian finisher diet, which was used as the Control diet (Masterfeeds, Winnipeg, MB, Canada). Diets were created in collaboration with Verus Animal Nutrition (Winnipeg, MB, Canada). Three weeks before slaughter, a third of the animals continued on the control diet, while another two thirds were fed either a Canola diet (10% ExtraPro; 50% full fat Canola and 50% extruded field peas, O&T Farms, Ltd., Regina, SK, Canada) or a Flax diet (10% LinPro; 50% flaxseed and 50% extruded field peas, O&T Farms) diet (Table 1) . Feed samples were collected every week for further dry matter (DM) and chemical analysis, including fatty acid analysis. All animals were raised and slaughtered at the Agriculture and Agri-Food Canada Lacombe Research Centre (Lacombe, AB, Canada), in accordance with guidelines established by the Canadian Council on Animal Care in Science (Canadian Council on Animal Care 1993).
Tissue sampling and analyses
After slaughter and carcass dressing, left sides were placed in a cooler at 2°C for 24 h. The longissimus thoracis et lumborum muscle was then collected from the left side of the carcass. A sample of subcutaneous fat (2.5 cm 2 ) from the shoulder area and a chop (between eighth and ninth ribs) were removed, labeled, polybagged, and frozen (−80°C) for fatty acid analyses. Lipids were extracted from intramuscular as described by Juárez et al. (2011b) , using 2:1 chloroform:methanol (Folch et al. 1957) , dried, dissolved in toluene, and methylated with 5% methanolic HCl (Kramer et al. 1998) . Samples were then cooled and hexane and KCl (0.88%) were added. Then, samples were dried and stored at −20°C until analyzed. Subcutaneous adipose tissue was directly methylated with sodium methoxide and fatty acid methyl esters were analyzed (19:0 methyl ester as internal standard) as described by Dugan et al. (2007) .
Statistical analysis
Statistical analyses for all the studied traits were developed using the MIXED model Covtest procedure of SAS (SAS 2003) , including breed, slaughter weight, sex, and diet, as well as their interactions, as fixed effects. To correct for variations in live weight within each weight group, individual live weight nested within treatment was used as a covariate. Round (study replicate) was included as a random factor. Individual pig was considered as the experimental unit. The adjusted multiple R 2 was calculated for the full model as previously described (Edwards et al. 2008) . Individual factors were then removed from the model and the decrease in the R 2 value was used to calculate their relative contribution to the variability observed. An F-statistic test was then used to assess the significance of the relative contribution of each factor, as described by Juárez et al. (2008 Juárez et al. ( , 2012 and Silva et al. (2017) . Treatment means were determined using the LSMEANS option and separated using an F-test protected LSD (P ≤ 0.05). Only the significant interactions (P > 0.05) or those accounting >5% of the variability for any trait were presented in the tables.
Results
Including 10% ExtraPro as an ingredient of the Canola diet resulted in a decrease in 16:0 and 18:2 n-6 and an increase in 18:1 and 18:3 n-3 compared with the Control diet ( Table 1 ). The addition of 10% LinPro into the Flax diet resulted in similar decreases in 16:0 and 18:2 n-6 fatty acids. However, the levels of 18:1 remained similar to those observed in the Control diet and the increase in 18:3 n-3 was larger than values observed in the Canola diet (Table 1) . Tables 2 and 4 show the significance of the main effects and interactions on intramuscular and subcutaneous fatty acid composition. Tables 3 and 4 show the relative contribution of these effects of the fatty acid composition. For additional details, Supplementary  Tables S1-S13 1 show the mean separation for the main effects and for any significant interaction for intramuscular and subcutaneous fat. Although multiple interactions were significant, for clarity, only those with a major biological impact (high relative contribution) are explained to detail. The four major fatty acids identified in intramuscular fat from pigs in this study were 16:0, 18:0, c9-18:1, and 18:2 n-6, accounting for approximately 85% of the total fatty acids (Table 2) . Thus, monounsaturated fatty acids (MUFA) were the most abundant fatty acids, followed by saturated fatty acids (SFA) and polyunsaturated fatty acids (PUFA). The average total intramuscular fat was 2.1%.
The effect of the individual factors (breed, sex, slaughter weight, and diet) and their interactions on the fatty acid composition of the intramuscular fat in differentiated pork is summarized in Table 2 . A significant breed × diet interactive effect (P < 0.05) was observed for total n-3, as well as for several individual n-3 fatty acids ( Table 2 ). The breed × sex interaction was also significant (P < 0.05) for total SFA, 16:0, 18:0, and 22:6 n-3. Breed also interacted (P < 0.05) with slaughter weight for total fat, 16:0, c9-16:1, and all the long-chain fatty acids ( Table 2 ). The interactive effect between diet and weight was only significant (P < 0.05) for c9-16:1 and the n-6/n-3 ratio. Similarly, sex × slaughter weight was significant (P < 0.05) for total fat, c9-18:1, and 18:2 n-6 only. Regarding three way interactions, breed × diet × sex was significant (P < 0.05) for total fat and c11-20:1, while diet × sex × weight influenced c9-18:1 (Table 2 ). The triple interaction breed × diet × slaughter weight was significant (P < 0.05) for multiple individual fatty acids (c9,11-18:1, 18:2 n-6, 20:4 n-6, and 22:5 n-3), several indices (total SFA, PUFA and n-6, and the PUFA/SFA index), and total intramuscular fat ( Table 2 ). The effect of breed was significant for all identified fatty acids and indices (P < 0.05) in the intramuscular fat, while sex was not significant (P > 0.05) for c11-18:1 and 18:3 n-3 and slaughter weight was not significant for c9-16:1, 18:0 and c11-18:1 (Table 2) . Dietary treatments which were applied for the last 3 wk before slaughter had no effect (P > 0.05) on total SFA, n-6 and total fat, as well as on 14:0, 18:0, 18:2 n-6, 20:4 n-6, and 22:6 n-3 ( Table 2 ).
The statistical model used in this study to evaluate fatty acid composition of intramuscular fat from differentiated pork explained a considerable percentage of variability (R 2 ) for only some individual n-3 fatty acids, especially 18:3 n-3 (0.76), as well as for total n-3 (0.61) and the n-6/n-3 ratio (0.81; Table 3 ). For the rest of the individual fatty acids and indices, the model did not explain more than 40% of the observed variability. More than 88% of the variability observed in 18:3 n-3 was explained by the dietary treatments, 5% by the breed and 4% by the breed × diet interaction. In the case of total n-3, diet 1 Supplementary Tables S1-S13 are available with the article through the journal Web site at http://nrcresearchpress.com/doi/suppl/ 10.1139/cjas-2016-0103. Table 2 . Main effects and interactions influencing intramuscular fat composition in differentiated pork. explained 59% of the variability, while breed was responsible for 25%, and their interaction explained 5%. Sex (5%) and slaughter weight (4%) also had a small influence on total n-3 fatty acids. The n-6/n-3 ratio, the index with the highest R 2 from the model, was mainly explained by diet (94% of total explained variability; Table 3) .
Similar to what was observed in intramuscular fat, MUFA was the most abundant fatty acids in pork backfat (subcutaneous fat), mainly due to the large percentage of c9-18:1 (Table 4) . The next fatty acids in contribution to total fat were 16:0 and 18:0. The largest PUFA was 18:2 n-6, followed by 18:3 n-3.
The breed × diet interaction (Table 4 ) was significant (P < 0.05) for several individual fatty acids (16:0 18:3 n-3 and 22:5 n-3) and indices (total PUFA, total n-3, PUFA/SFA and n-6/n-3). The interaction between breed and sex affected (P < 0.05) 16:0, 18:2 n-6, and 20:4 n-6, as well as total SFA, PUFA, and n-6, as well as the PUFA/SFA and n-6/n-3 ratios. The only fatty acid showing a significant (P < 0.05) breed × slaughter weight interaction was 16:0. Diet interacted with sex for 18:3 n-3 (P < 0.05), with the subsequent effect on total n-3 and the n-6/n-3 ratio. A similar effect was observed for the diet × slaughter weight interaction (P < 0.05). However, in this case, the n-6/n-3 ratio was not affected (P > 0.05). The long-chain n-3 fatty acid 22:5 n-3 was the only one affected by the sex × slaughter weight interaction (P < 0.05). Three-way interactions were significant (P < 0.05) for some individual fatty acids (breed × diet × sex for 18:3 n-3; breed × diet × slaughter weight for 22:5 n-3; breed × sex × slaughter weight for18:0) and indices (breed × diet × slaughter weight for the n-6/n-3 ratio). The only fatty acids affected (P < 0.05) by the four-way interaction breed × diet × sex × slaughter weight were 20:4 n-6. Breed influenced all fatty acids and indices (P < 0.05), except the n-6/n-3 ratio (P > 0.05; Table 4 ). Similarly, the only fatty acid not affected by the dietary treatments was 14:0 (P > 0.05). Differences between barrows and gilts (P < 0.05) were observed for 14:0, 16:0, c11-18:1, 18:2 n-6, 18:3 n-3, and 20:4 n-6, as well as total SFA, PUFA, n-6 and n-3, and the PUFA/SFA ratio. The effect of slaughter weight was statistically significant (P < 0.05) for most fatty acids and indices, except 14:0, c9-18:1, total MUFA, and the n-6/n-3 ratio (P > 0.05). Table 5 shows the relative contribution of each factor to the total variance explained by the model in backfat from pigs from different breeds and sex, raised using different diets and slaughtered at different weights. In this case, not only 18:3 n-3, total n-3 and the n-6/n-3 ratio were well explained by the model (R 2 > 0.80), as was previously observed for intramuscular fat, but also more than 50% of the variability observed in 18:2 n-6, total PUFA and n-6, as well as the PUFA/SFA ratio, was explained by the factors included in the model (main factors and interactions; Table 5 ). Within the fatty acids and indices with the highest R 2 , the dietary treatment was the most influential factor for 18:3 n-3 (84%), 22:5 n-3 (70%), total n-3 (84%) and, especially, the n-6/n-3 ratio (97%). For the remainder of the fatty acids in this group, the effect of breed was very important for 18:2 n-6 (68%), total PUFA (46%) and n-6 (69%), and the PUFA/SFA ratio (46%). Those same fatty acids and indices were also influenced by the diet during the last 3 wk (10% for 18:2 n-6; 39% for total PUFA; 9% for total n-6; 34% for the PUFA/SFA index) and sex of the animal (10% for 18:2 n-6; 6% for total PUFA; 10% for total n-6; 8% for the PUFA/SFA ratio; Table 5 ). Slaughter weight did not explain more than 5% of the variability of any of the fatty acids and indices with high R 2 . The interaction between breed and diet explained 6% of the variability in 18:3 n-3 and total n-3, as observed in intramuscular fat, as well as for 22:5 n-3. For 18:2 n-6 and total n-6, the most influential interactive effect was breed × sex, explaining 9% of the variability observed in these fatty acids (Table 5) .
To understand the most influential factors in those fatty acids and fatty acid indices best explained by the model (high R 2 ), Figs. 1a and 1b show the interactive effect of breed × diet for 18:3 n-3 and total n-3 fatty acids in both intramuscular (Fig. 1a) and subcutaneous (Fig. 1b) fat. In both cases, the dietary effect was clear, with higher 18:3 n-3 and total n-3 in fat from animals fed the Canola compared with the Control diet, and a similar increase from the Canola to the Flax diet. The levels of 18:3 n-3 in intramuscular fat from Duroc and Iberian pigs fed the Control diet were similar (P > 0.05), while fat from Lacombe pigs contained a higher proportion of total n-3 (P < 0.05; Fig. 1a) . Furthermore, increases observed with Canola-and Flax-enriched diets were highest in fat from Lacombe pigs, showing Duroc intermediate values (P < 0.05). In the case of subcutaneous fat, both 18:3 n-3 and total n-3 showed the same pattern, with similar original levels for all breed fed the Control diet (P > 0.05) and the greatest increases from Canola and Flax diets observed in backfat from Duroc pigs, and fat from Lacombe pigs showing intermediate values (P < 0.05) (Fig. 1b) . These patterns were very similar to those observed for total PUFA and the PUFA/SFA ratio in subcutaneous fat (data not shown). Meanwhile, the large effects of diet on the n-6/n-3 ratio on intramuscular and subcutaneous fat were due to the clear decrease (P < 0.05) from Control (8.1% intramuscular fat and 8.2% subcutaneous fat) to Canola (6.2% intramuscular fat and 5.0% subcutaneous fat) and from Canola to Flax-enriched (4.6% intramuscular fat and 3.1% subcutaneous fat) diets, regardless of breed, sex and slaughter weight.
The interaction between breed and sex for n-6 fatty acids (data not shown) was due to a lack of sex effect (P > 0.05) on backfat from Iberian pigs (8.4% gilts and 8.2% barrows) compared with a higher percentage of n-6 in backfat (P < 0.05) from female Duroc (11.4%) and Lacombe (10.1%) pigs compared with fat from barrows (Duroc: 10.1%; Lacombe: 9.4%). Thus, the highest levels of total n-6 were observed in backfat from Duroc gilts, followed by Duroc barrows and Lacombe gilts, Lacombe barrows and, finally, both sexes of Iberian.
Although with a lower R 2 , due to its importance, parameters influencing total intramuscular fat -mainly breed, sex, and their interaction -need to be explained. Thus, while no difference (P > 0.05) was observed Table 4 . Main effects and interactions influencing subcutaneous fat composition in differentiated pork. between Duroc (2.2%) and Iberian (2.4%) at 115 kg, the total intramuscular fat of longissimus samples from Duroc pigs was slightly higher (2.6%) than that from Iberian (2.4%) at 135 kg (P < 0.05). Meat from Lacombe pigs had lower intramuscular fat values at 115 kg (1.5%) and 135 kg (1.6%), compared with the other two breeds, than the values observed for the other two breeds (data not shown). Furthermore, for all three breeds, meat from gilts (1.9%) was always lower (P < 0.05) in fat than meat from barrows, which increased from 115 kg (2.1%) to 135 kg (2.5%; data not shown).
Discussion
As emphasized in the introduction, the purpose of this study was not to determine the particular effect of any single production treatment on fatty acid composition, but rather to determine and understand the relative contribution and importance of the main factors and their interactions that can lead to a more efficient improvement of the fatty acid profile of pork. As shown in Tables 2 and 4 , a quite large quantity of single and interactive effects was identified on almost all of the different fatty acids and indices, for each of the intramuscular and subcutaneous fat. For this reason, only effects on fatty acids or indices which are of practical significance for the nutritional or physicochemical quality of pork will be further discussed.
Statistically significant differences do not always have a practical impact and minor changes in fatty acid composition of pork fat, especially in fatty acids with low concentration, may be of little interest when attempting to manipulate the lipid profile of pork and pork products. Hence, regardless of the statistical significance, greater attention should be paid to those factors responsible for major changes in fatty acid composition. Understanding the relative influence of each antemortem factor can help producers to focus their efforts on those factors with the highest potential impact.
The percentage of variability explained by the model for most SFA and MUFA individual fatty acids and indices was relatively low (11%-34% in intramuscular fat and 7%-31% in subcutaneous fat). This may be due to low variability in certain fatty acids, high individual animal variation and (or) large contribution of factors not included in the model. Thus, for example, while the coefficient of variation for 18:n-3 in subcutaneous fat was 5.4%, the same parameter was only 0.9% for c9-16:1. This low variance is typical of fatty acids which are intermediate metabolites of important metabolic routes (Juárez et al. 2008) . Most SFA and MUFA can be efficiently synthesized in vivo, hence they are less influenced by modifications in the production system. The variability explained by the model for most PUFA, on the other hand, was relatively high, showing the importance of the factors selected in our study in explaining variations in fatty acid levels.
Breed had a very large impact on most of the individual fatty acids and indices, both in the intramuscular and subcutaneous fat, showing that breed was the most biological significant factor, particularly for c9-18:1, 18:2 n-6, MUFA, PUFA, n-6, PUFA/SFA, and total fat. This information about the impact of breed on the percentage of individual fatty acids and indices could therefore be used to conduct selection of breeds and (or) Marriott et al. 2013) . Based on the results from Marriott et al. (2013) , the significant effect of breed on the fatty acid composition of pork fat in the present study could be partly explained by variations in the abundance of one or more key lipogenic enzymes, such as acetyl-CoA carboxylase, malic enzyme, or glucose-6-phosphate dehydrogenase, among breeds. Another important reason could be differences in total fat content and fat deposition. In fact, breed was the main factor explaining the variation in total fat content, followed by sex. In particular, the Lacombe breed was the leanest used, and a lower fat content tends to result in a proportionally higher n-3 content in intramuscular fat due to greater contribution of membrane phospholipids (Wood et al. 2004b ). This study revealed that though the statistical model explained less than 40% of the observed variability for most of the individual fatty acids and indices, sex had the largest impact specifically on 16:0, 20:4 n-6, and SFA in the intramuscular fat. The effect of sex on the fatty acid composition of the intramuscular and (or) subcutaneous fat of pigs is in agreement with previous research Fig. 1 . Interactive breed × diet effect on α-linolenic acid and total n-3 fatty acids in (a) intramuscular and (b) subcutaneous fat of differentiated pork. Different letters within fatty acid indicate significant differences (P < 0.05).
where castrated males had higher total fat content and some individual fatty acids compared with gilts (Barton-Gade 1987; Bertol et al. 2013; Juárez et al. 2011a ). The potential explanation for the gender-related differences could be the presence of a greater number and size of adipocytes in barrows than in gilts (Geri et al. 1990) , as well as differences in total fat between sexes. The preferential deposition of some specific fatty acids either in the gilts or barrows could also be another potential explanation (Geri et al. 1990 ). In a previous study, the deposition of fatty acids showed a higher percentage of 18:1, but lower18:2 n-6 and PUFA in subcutanous fat of barrows than of gilts (Geri et al. 1990 ). In addition to this, the authors (Geri et al. 1990 ) observed a preferrential deposition of 18:2 n-6 in gilts which was compensated by a decrease in 18:1. In terms of producing differentiated pork, although manipulating gender percentages is not an easy task, the interactions between sex and other production factors need to be understood to predict their potential impact. For example, the higher n-6 content in female Duroc and Lacombe pigs was not observed in Iberian pigs, most likely due to the higher backfat content of the latter (Zhang et al. 2016) .
The impact of increasing slaughter weight on most of the fatty acids was very small compared with the other factors, indicating that taking hogs to heavier weights will have little effect on the fatty acid profile of pork compared with the other factors. All significant effects that were seen are in agreement with results from a previous study (Apple et al. 2009 ) in which it was observed that the percentage of total fat and of SFA in subcutanous fat increased as slaughter weight of pigs increased from 45.5 to 113.6 kg regardless of the type of dietary fat source (beef tallow, poultry fat, or soybean oil). Geri et al. (1990) found that the increase in subcutaneous fat of animals slaughtered at heavier weight was characterized by larger adipocytes containing more lipid and less water than the subcutaneous fat of lighter slaughter weight pigs.
The analysis of the interactive effects provided the information that although diet had a large impact on 18:3 n-3 and total n-3 fatty acids in the intramuscular and subcutaneous fat, its effect was not equally important across breeds. Under the control diet, the intramuscular 18:3 n-3 content was the same for all the breeds, whereas under both test diets, Lacombe was most highly affected. This could be interpreted as specific breed sensitivity to dietary fatty acids as the differences in ability of a specific breed to convert 18:3 n-3 to the long chain n-3 fatty acids, and the deposition rate of a fatty acid may also make a difference among breeds (Kloareg et al. 2007 ). Alternatively, it may be the result of differences in intramuscular and subcutaneous fat content and fat deposition rates among the breeds. Iberian was the most highly marbled, with the greatest rate of fat deposition, while Lacombe had the lowest intramuscular fat, hence the changes in the 18:3 n-3 and total n-3 contents of marbling became higher in the latter breed as a result of the greater impact from the dietary fat. With regard to the subcutaneous fat, all three breeds started with the same 18:3 n-3 and total n-3 content (control diet). However, the dietary effects were largest in the breed with the lowest subcutaneous fat content (Duroc) and intermediate on the breed with the greatest subcutaneous fat (Lacombe). In this case, since test diets were applied for only 3 wk prior to slaughter, the n-3 dilution that would have occurred in the existing large amounts of Iberian's subcutaneous fat (Zhang et al. 2016) would be responsible for the differences.
Diet had the highest impact on the individual fatty acids and indices which were best explained by the statistical model (18:3 n-3 and n-6/n-3). In other words, changing the diet composition leads to a huge impact on the content of 18:3 n-3, and n-6/n-3 that can only be partly modified by the other factors employed in this study, so producers can focus on diet for the production of consistent differentiated pork. Due to the importance of these fatty acids for human nutrition and for label health claims, product differentiation based on n-3 enrichment and on enhancement of the n-6/n-3 ratio could be primarily based on dietary treatments. In general, the significant effect of diet on most of the individual fatty acids and indices in the intramuscular and subcutaneous fat is in agreement with previous research (Ahn et al. 1996; Berhe et al. 2016) .
The fatty acid profile of the diets shows that Flax seed had higher 18:3 n-3 which is expected to be responsible for the differences in individual fatty acids and indices in the intramuscular and subcutaneous fat in the present study. Differences in intramuscular and subcutaneous fat of pigs due to dietary fat composition are known to be reflected in the later growth stages of the hog (Bee et al. 1999; Thacker et al. 2004; Bertol et al. 2013; Berhe et al. 2016 ). In particular, in this study, inclusion of Flax for the last 3 wk of feeding led to higher 18:3 n-3 and total n-3 in both intramuscular and subcutaneous fat from all breeds. Thacker et al. (2004) similarly investigated the effect of dietary inclusion of Linpro on the fatty acid composition of pork subcutaneous fat and found that at 30% Linpro significantly increased the levels of 18:2 n-6, 18:3 n-3, and PUFA/SFA, whereas the levels of 14:0, 16:0, 18:0, 20:4 n-6, SFA, and n-6/n-3 significantly decreased. Previous studies (Juárez et al. 2010 (Juárez et al. , 2011b (Juárez et al. , 2011c at the AAFC-Lacombe Research and Development Centre showed that feeding 5% Linpro for up to 12 wk led to significant quadratic effects in pork backfat n-3 content, while adding 10%-15% Linpro to the diets led to linear increases. Similar effects were observed in intramuscular fat. These findings supported the idea that greater effects could be obtained by feeding higher levels of fax for shorter periods of time and justified the Flax dietary treatment used in the present study.
Although to a lesser degree than Flax, feeding Canola also led to significant increases in 18:3 n-3 and total n-3 in both intramuscular and subcutaneous fat compared with the control diet. Bertol et al. (2013) also reported an increase in 18:3 n-3 in backfat of pigs from different genotypes when feeding Canola oil compared with soybean; however, there was no significant effect on intramuscular fat. On the other hand, in the present study, the decrease in the n-6/n-3 ratio from the Canola diet was observed in both intramuscular and subcutaneous fat from all genotypes. The use of Canola as a means to increase n-3 content in Canada may have several advantages, from a competitive price in the current market (lower than the control diet in this study) to being used as a credence attribute in the development of Canadian heritage pork. However, the impact on other traits, such as performance and meat quality (Zhang et al. 2016 ) would need to be considered.
The present study also showed that diet had a significant effect on almost all of the studied individual fatty acids and indices in the subcutaneous fat, but the case was somewhat different in the intramuscular fat, and might be due to a preferential deposition of dietary fatty acids in subcutaneous fat compared with the intramuscular fat (Fontanillas et al. 1997; Nguyen et al. 2003) .
In brief, there is a direct deposition of dietary PUFA, especially of 18:2 n-6 and 18:3 n-3 in the intramuscular and subcutaneous fat in pigs because PUFA cannot be synthesized in the digestive system of these animals (Solomon 2003) . This phenomenon creates an opportunity for the production of healthy food as PUFA are specifically known for their anti-inflammatory effects in human body, and consuming food with a low n-6/n-3 has been recommended for the health benefit (Simopoulos 2008) . Saturated fatty acids, on the other hand, are synthesized in vivo in pigs, hence SFA are less influenced by dietary fat. This can be observed in the present study where diet had no significant effect on the percentage of 14:0, 18:0 or on total SFA in the intramuscular fat.
In conclusion, the fatty acid composition of intramuscular and subcutaneous fat in pigs can be manipulated using different strategies including feeding, breed composition, sex, slaughter weight, and their interactions. Although all these factors and their interactions employed in this study had a significant effect on most of the individual fatty acids and indices, further data analysis revealed that diet had the highest impact, followed by breed and sex. The interaction effect of diet and breed should be considered when attempting to manipulate the n-3 content in pork, since similar dietary treatments could lead to different responses in animals with different breed composition and growth rates. The novelty of this study was that understanding of the contribution of each factor and the interaction effect of these factors can help producers to focus on factors that have the highest impact.
